A rapid quantitative assay of 14 antibiotics and 6 chemical preservatives by the cylinder-plate diffusion method is described, in which Bacillus stearothermophilus ATCC 12980 was used as the test organism. After 4 hr of incubation at 65 C, the zones of inhibition can be read off easily with the naked eye. The 4-hr assay was compared under identical conditions with the conventional 16-to 18-hr agar diffusion assay, i.e., by using the test organisms and media proposed by the Code of Federal Regulations, and no difference in accuracy between the two methods was detected. In both cases, the coefficient of variation for replicate tests was less than 2%. The test strain is highly sensitive to penicillins, cephalosporins, and bacitracin and is consequently also particularly suitable for the determination of low-level concentrations of these substances in aqueous solutions and in urine. (7) and adjusted with physiological saline to a concentration of 5 to 6 X 108 spores per ml. Phenol red agar (100 ml) was inoculated with 1 ml of this suspension, giving a final concentration of 5-6 X 106 spores per ml of the medium to be used as seed layer. The endospore suspension may be stored refrigerated for 3 weeks.
The many variants of the diffusion test (5, 6, 12) differ considerably from one another in their accuracy and in the amount of time and effort they involve, depending upon whether the test solution is placed in porcelain cylinders or wells punched in the agar or on paper discs, and also upon whether the results are determined by the standard-curve technique, the parallellines technique, or simultaneous comparison of two, three, or more concentrations each of the standard and the test samples (4) . One characteristic feature common to all these tests, however, is that they are performed with sensitive but relatively slow-growing organisms, requiring incubation for 16 to 18 hr at 30 to 37 C (2, 8) .
Quick tests carried out according to the microcolony method (1, 11) of determining the sensitivity of clinical strains are unsuitable for quantitative assays because, although zones of inhibition are discernible after 4 hr of incubation, they can only be measured under a binocular microscope at a magnification of 100. Other quick tests, in which the inoculated medium is preincubated before the impregnated discs are applied and the inhibition zones can be measured directly, have been proposed for the qualitative determination of antibiotic residues in meat and meat products (10) and in milk (9) .
This communication describes a quantitative plate diffusion method that makes it possible to assess the potency of 14 clinically active antibiotics under standardized experimental conditions after incubation for 4 hr at 65 C, the inhibition zones being measured by the usual laboratory techniques, e.g., with an optical projector.
The method can also be used for determining the In this way, the activity of each of the 10 antibiotics listed in Table 2 a Calculated (x = avg) on the basis of 20 plates. Cylinders with outside diameter of 8.0 mm and inside diameter of 6.0 mm were used, and any zones less than 9.0 mm were considered negative. in favor of one or the other method, each person made five determinations by each method starting with the initial concentration.
Determination of the minimum accurately measurable concentration in buffer solutions and urine. Starting with the initial standard-curve concentration (100 or 1000 mg or units/ml), the minimum accurately measurable concentrations of the 10 antibiotics listed in Table 3 cylinder by at least 1 mm was taken as being the effective minimum concentration. Urine was obtained from a patient who had not received antibiotics during the previous month.
RESULTS AND DISCUSSION The advantages of the 4-hr assay described here may be summed up as follows. All 14 clinically active antibiotics and the 6 chemical preservatives can be tested with a single rapidgrowing assay organism and on a single test medium. The resultant inhibition zones are readily measurable with the naked eye after 4 hr of incubation. The selective incubation temperature of 65 C eliminates the risk of contamination, which very much simplifies the experimental procedure.
The microbiological assay is of particular value in testing the antimicrobial activity of chemical preservatives in aqueous pharmaceutical preparations. It makes it possible to determine in a simple way the activity decrease of the preservative agents caused, for instance, by interaction with nonionic surfactants or pharmaceutical container materials.
The linear concentration ranges for the standard curves, statistically verified at the 95% probability level, are shown in Table 1 for all 20 substances. The linearity of the regression lines was verified in replicate tests carried out on three different days by two persons, and no significant deviation from linearity was found. Under the experimental conditions described, the standard curves are fully reproducible.
The 20 determinations performed with each of 10 antibiotics (Table 2 ) listed in the Code of Federal Regulations to compare the 4-hr and 16-to 18-hr assays revealed no important deviations, either in or between the two methods. Because all samples were further diluted from the same initial quantity and starting concentration as the standard, each could theoretically be expected to exhibit 100%' potency. The deviations noted in the 20 replicate tests carried out with each antibiotic, i.e., all discrepancies resulting from inadvertant errors in the use of the pipette, dilution, the preparation of the plates, and the measurement of the inhibition zones, amounted to at most 5 % in isolated cases. The coefficient of variation (s/x) did not exceed 2%, which is a thoroughly acceptable limit for microbiological determinations.
The 4-hr assay thus entails no loss of accuracy in comparison with the conventional method and offers a rapid and economical procedure for use in the analytical laboratory, permitting analyses to be completed within one working day. Because B. stearothermophilus ATCC 12980 is highly sensitive to bacitracin, cephalosporins, and penicillins, this test is also particularly suitable for detecting low-level concentrations of these antibiotics in aqueous solutions, e.g., for the rapid detection of cross-contamination in drug containers and the demonstration of low concentrations of antibiotics in the urine. The organisms frequently present in urine samples, which if resistant can impede the analyses to a considerable extent, are eliminated by the selective incubation temperature and hence do not interfere in any way with the measurement of the inhibition zone.
The minimum accurately measurable concentration in buffer solution and urine lies between 0.01 and 0.3 ,tg or units/ml (Table 3) , depending upon the antibiotic in question.
